Background: Invasive mechanical ventilation (IMV) is a common practice in pediatric intensive care unit (PICU). However, the role of oxygenation (OI) and ventilation (VI) indices regarding the time on IMV has not been fully understood. Basic procedures: The study was conducted with infants up to 24 months of age, hospitalized in PICU for two consecutive years. The values of ventilatory parameters, OI, VI, and blood gas of infants, collected in the first seven days in IMV, were associated with the time on IMV. IMV was classified into: short (≤seven days) and long time (>seven days). The comparison was made from the first to the seventh day. Alpha = 0.05.
Introduction
Lungs of infants and children are not miniature lungs of an adult; numerous changes and remodeling occur from birth to adulthood.
Tighter peripheral airways seem to be an important risk factor for respiratory disease in infancy. In the newborn period and even in the first years of life, corticosteroids, mechanical ventilation (MV), oxygen, malnutrition, and inflammation may interfere with alveolarization. 1 Recently, MV has become a common practice in the pediatric intensive care unit (PICU). Lung disease is the main indication for ventilatory support in children; however, MV may be applied in numerous circunstances. 2 In the PICU about 30% (20% to 64%) of patients are mechanically ventilated with an average of five to six days on invasive mechanical ventilation (IMV). 3, 4 Approximately, 17% to 41% of the patients require MV for periods longer than 12 h. 5 The time on MV is directly associated with infection in patients, upper airway trauma, longer hospital stay, more complications, stress, increase in the cost of treatment, and increased mortality. 6---13 The negative results of delayed or premature extubation, such as increased morbidity, mortality and costs, 4 led to efforts to improve the predictive factors for extubation outcome and time on IMV. The ability of the traditional indicators of weaning (respiratory rate, tidal volume, maximal inspiratory pressure, and frequency---tidal volume ratio) to discriminate children with successful extubation and those requiring reintubation are limited. 3 The respiratory monitoring of critically ill patients is crucial to revealing the physiological variables that will predict the success or failure of weaning. 13 Studies on the oxygenation (OI) and ventilation (VI) indices have shown positive correlation with the time on MV, aiding in the discovery of the patient's prognosis during the early stage of the disease, so the IMV is installed. The OI and VI can be measured at the bedside.
In this context, the study aimed at associating OI and VI values, other ventilatory markers, and blood gas with the time infants spend on IMV in a PICU.
Material and methods
A descriptive cross-sectional study was conducted in a PICU of a 20-bed Pediatric Therapy Unit of the Hospital de Clínicas ---University of Campinas (Unicamp). In our data, 142 patients were included and submitted to IMV, from 28 days to 24 months, admitted during two consecutive (2014 and 2015) years. The Ventilador Inter TM 5 Plus (Intermed Equipamento Médico Hospitalar ® , São Paulo, Brazil) was used in our study. The study was approved by the University Research Ethics Committee from University of Campinas (#226/2008). The informed consent form was obtained from the primary caregivers of the patients included in the study.
The inclusion criteria were: age between 28 days and 24 months; intubation and IMV initiated during the study period; extubation during the study period; and permanence on IMV for at least 24 h.
The exclusion criteria were: transfer of the infant from the unit before extubation; transfer of the intubated infant from another hospital; subsequent intubation of infants already included; neonates and patients suffering conditions associated with venous admixture to arterial blood. In our data, there were no patients without a cuffless tube to be excluded.
All patients enrolled underwent endotracheal intubation (cuffed tube) prior to IMV initiation in synchronized intermittent mandatory ventilation (SIMV) mode, time-cycled and pressure-limited. In our service, at the time of the study, the patients were in SIMV mode for weaning. We did not use pressure support during weaning, and no patient used volume control ventilation nor had noninvasive ventilation prior to reintubation.
Indication for weaning and extubation were performed by interdisciplinary clinical decision. Although there is no specific weaning protocol in the referenced PICU, the conditions for extubation were: improvement or resolution of the underlying cause of acute respiratory failure; ability to perform gas exchange spontaneously, verified by oxygen saturation and blood gas, without respiratory distress; and achievement of hemodynamically stability. The ventilatory parameters considered appropriate for extubation were: fraction of inspired oxygen (FiO 2 ) ≤ 0.4, peak inspiratory pressure (PIP) ≤ 25 cm H 2 O, positive end-expiratory pressure (PEEP) ≤ 5cm H 2 O, respiratory rate ≤ 10 cycles per minute. The weaning was achieved gradually by reducing the mechanical respiratory frequency (FRmec) of SIMV concomitantly with the reduction of pressures of the same ventilatory mode, maintaining the values of gas exchange and pH within physiological limits. Extubation failure was defined as reintubation and need for IMV within 48 h.
The clinical and laboratory markers collected from medical records were: age, gender, diagnosis, date and time of intubation, date and time of extubation, parameters of IMV [airway inspiratory pressure (Pinsp), FiO 2 , PEEP and FRmec] and variables of arterial blood gas [partial pressure of oxygen (PaO 2 ) and carbon dioxide (PaCO 2 )]. Data on blood gas of the first seven days on IMV along with the data of the respective MV parameters were collected and used to calculate OI and VI. The first blood gas analysis values obtained 20 min after intubation and initiation of positive pressure ventilation were used, and each day, during seven days, blood gas values were collected from IMV patients to calculate OI, VI and PaO 2 /FiO 2 ratio. The arterial blood gas sample was collected every day, approximately 24 h after the previous collection, and no arterial line was applied.
The measure of OI and VI was performed as follows: OI = [FiO 2 × Paw (mean airway pressure) × 100]/PaO 2 and VI = (PaCO 2 × PIP × FRmec)/1000. The Paw was calculated as follow: PEEP + (PIP-PEEP)/3. No normal values were found for OI and VI, since the indices are measured in sick, intubated and ventilated patients.
Statistical analysis was performed by the association within ventilatory parameters, OI, VI and blood gas variables collected from 142 infants throughout the first seven days of IMV with the time the patient remained on IMV divided into two groups: ≤seven days or >seven days. Moreover, the OI and VI data were compared between the group of patients who died during the study and the others, relating to the seven days analyzed. IMV indication was compared with the time on IMV and the OI and VI values, over the seven days analyzed. Finally, the failed extubation was compared with the OI and VI values in all days analyzed.
Statistical analysis was performed by Statistical Package for Social Sciences version 21 (SPSS Inc., Chicago, IL, USA). For statistical analysis, the groups of patients, of less and more than seven days on IMV, were compared by the nonparametric Mann---Whitney U test. The difference between the days for OI and VI was calculated by the Friedman's Two-Way Analysis of Variance test. The association between time on IMV and IMV indication was performed by the 2 test. We adopted˛(alpha) = 0.05. The nonparametric distribution was analyzed by the Shapiro---Wilk test and Kolmogorov---Smirnov test.
Results
The study enrolled 142 infants, where 83 (58.5%) were male, with mean age of 7.51 ± 6.33 months and mean weight of 6.18 ± 3.38 kg. The rate of IMV for short (≤7 days) and long time (>7 days) in the sample enrolled was, respectively, 41.5% (59 infants) and 58.5% (83 infants). The rate of failed extubation was 26 (18.3%), and there were 24 deaths (16.9%). No difference was found between the sex of the patient on IMV for short (≤7 days, males = 33/59) and long time (>7 days, males = 49/83) (p-value = 0.73). Table 1 shows the patients' distribution per indication for IMV. No difference was observed between IMV indication for short (≤7 days) and long time (>7 days) (p-value = 0.278). Regarding the IMV indication and presence of failed extubation, no association was achieved (p-value = 0.929). However, we observed a higher odds ratio of death in patients with IMV indication due to Metabolic plus hemodynamic problem (OR = 4.846; 95%CI = 1.77---13.27; p-value = 0.018). Table 2 shows the variables that were analyzed in the first seven days of IMV, comparing infants who remained on IMV for short and long time. There were differences in mean values of FiO 2 from the second to the fifth day; PIP from the first to the seventh day; PEEP from the second to the sixth day; PaO 2 on the second day; PaO 2 /FiO 2 on the second, third and fourth days, and Paw from the first to the seventh day (p-value < 0.05). Moreover, the pH values were the same between the groups evaluated (p-value > 0.05), except for the second day (p-value = 0.006); ≤7 days, median = 7.42 (minimum to maximum = 7---7.64); >7 days = 7.36 (minimum to maximum = 7.11---7.64).
Difference was found in OI values from the second to the sixth day, and in VI values from the first to the seventh day, which were higher in the long-term IMV group (p-value ≤ 0.05). OI and VI values are shown respectively in Table 3 .
In addition, we compared the OI and VI values among the IMV indication. In our data, the IMV indication was associated with the values achieved from indices analyzed, mainly for VI values. The indication due to respiratory symptoms showed values higher than the other possibilities in all days analyzed (p-value < 0.01) ( Table 4 ). Finally, for the failed extubation, we observed only association with IV in the first day [presence of failed extubation, mean = 31.68 ± 19.94, median = 26.37 (minimum = 4.31 and maximum = 136.22); absence of failed extubation, mean = 22.25 ± 8.57, median = 21.61 (minimum = 7.45 and maximum = 44.63)] (p-value = 0.014). Fig. 1 shows the values of OI ( Fig. 1A) and VI ( Fig. 1B ) of the 142 infants in the first seven days on IMV, comparing short and long time on IMV.
In our data, 24/142 (16.9%) showed progression to death. However, no positive association between patient death and the variables included, mainly for OI and VI, was described in our data (p > 0.05).
Discussion
In this study, the OI and VI values were associated with time infant patients spent on IMV.
Due to calculation of the OI included in its formula, FiO 2 /PaO 2 ratio and Paw could be considered an effective index to determine the price to be paid for an inadequate oxygenation. 2, 14, 15 Recent studies on OI were published with the purpose of using OI as parameter to assess therapeutic interventions in mechanically ventilated neonates and children. 16---21 Studies using OI as a predictor of extubation failure were initiated by Khan et al. (1996) , who enrolled 208 children and found that OI > 4.5, immediately before extubation, was a risk marker for reintubation. The same study evaluated the compliance, respiratory rate, oxygenation, and pressure indices, widely used in adults to predict extubation success and failure, but it was not effective in pediatrics. 14 Some studies examined other indices used in adults to predict successful extubation in children, e.g., rapid shallow breathing index and maximal inspiratory pressure; however, the exact cutoff points for these indices to predict successful extubation in children were not identified. 9, 22 Khan et al. (2000) conducted another study including 312 patients to study the predictors previously analyzed, and it was found that despite changes in clinical practice, the OI remained a good predictor and was able to determine points of low and high risk for extubation failure in infants and children. 15 In studies involving the OI and VI on IMV, association was found on the second day after initiation of IMV. 6, 8, 23 In this case, the first 24 h after initiation of IMV are considered an adjustment period for the ventilatory parameters and patient stabilization. In our study, the OI showed difference when comparing patients who remained on IMV for short and long time from the second to the sixth day and for VI from the first to the seventh day. The VI is a measure of respiratory disorder that considers both changes in the management of ventilator, by incorporating the FRmec and Pinsp parameters into its formula, and the patient response to therapy established by PaCO 2 . Paret et al. (1998) conducted the first study that evaluated the correlation of VI with time on IMV and found the predictive value for VI from the third to the fifth day, regarding prognosis of acute respiratory distress syndrome. Sorting the survivors and non-survivors, the value of VI was higher in non-survivors, determining VI > 65 as a predictor of mortality. 24 Bont et al. (2000) showed that the mean of the VI calculated from three measurements from the early 24 h after the IMV initiation in acute viral bronchiolitis in infants, corresponded to the time spent on IMV. 25 In the study by Barros et al. (2011) , the OI and VI in the first five days of IMV in pediatric patients were ana-lyzed and an association between the OI on the third and fifth days and VI on the third, fourth and fifth days with the time on IMV was found. However, considering the time spent on IMV [short time (<7 days) and long time (≥7 days)], difference was found for the VI from the second to the fifth day, and for the pH on the fourth and fifth days. For the OI, no statistical difference was observed. 6 In our study, we identified differences in the OI from the second to the sixth day. The OI values, on these days, were higher in the longterm IMV, indicating greater patient severity. This difference can be observed in Barros et al. (2011) , with a smaller and heterogeneous sample, including pediatric patients from different age groups. 6 Almeida et al. (2005) found association between time spent on IMV and VI from the second to the fifth day in infants with acute viral bronchiolitis, and a cutoff value of 37 for the VI was stipulated, reflecting a progressive increase in the risk of long-term IMV. 8 In our data, no positive association was found between OI and VI and mortality. Peters et al. (1998) did not find difference for the OI, VI and for other markers analyzed between the group of survivors and non-survivors when analyzing 118 patients with acute hypoxemic respiratory failure (AHRF). 26 Traschel et al. (2005) included 131 children with AHRF and found that the OI was predictive of the AHRF severity and risk of death; however, low accuracy was observed. 23 Ghuman et al. (2012) analyzed 95 children mechanically ventilated in AHRF to identify the relationship between oxygenation markers and mortality. Association was found between OI and other markers with high risk of death. 5 OI and VI in 48 h of IMV to assess the risk of mortality, and long-term MV in 49 children in PICU. In the study, values of Pinsp > 25 cm H 2 O was a predictor of mortality and longterm MV; and PaO 2 /FiO 2 ratio, pH, OI and VI in 48 h were predictors of mortality. 27 The studies that identified association between mortality and OI and VI were made with children, and more studies should be conducted to verify possible association between these variables in infants. In our study, other variables showed association with the IMV in infants. The most significant variables were: Pisnp from the first to the seventh day, FRmec from the second to the seventh day, and Paw from the first to the seventh day on IMV. However, we cannot affirm that these variables are effective in predicting long-term IMV, because the results demonstrate that patients who remained in longterm IMV required higher parameters from the beginning of ventilatory support. All the parameters cited, including Paw, represent parameters of the MV and do not consider the response of the patient at the time of examination. The PaO 2 /FiO 2 ratio contains the FiO 2 and considers the patient response at the time of assessment, represented by PaO 2 , showing a difference between patients in short and longterm IMV from the second to the fourth day. The OI considers in its formula the oxygenation parameters and the PaO 2 . The OI showed differences from the second to the sixth day, which may be because it is the most complete index that considers the PaO 2 /FiO 2 ratio and the Paw. Moreover, the PaCO 2 was significant in assessing the patient on IMV only on the second day, while the evaluation by VI, which includes PaCO 2 along ventilatory parameters, FRmec and Pinsp, showed difference among patients who remained on IMV for short and long-term from the first to the seventh day.
In our data, the low initial values of PCO 2 , in some patients, were obtained in the blood gas analysis, showing the need for decreasing the ventilation parameters. The parameters were altered after the assessment of the value by gasometry.
A limitation of the study is the heterogeneity of the population, which does not allow for inference of a cutoff value for VI and OI from which longer IMV, extubation failure, among other markers. Weaning and extubation protocol were limiting factors for generalizing our findings. In our unit, there is not a standard protocol, and in this case, the extubation was defined by the interdisciplinary team. Further studies are needed to define weaning and extubation protocols in pediatrics, and predictive indices of long-term MV and extubation failure in order to assist the therapist at this moment, that is, the withdrawal from IMV without harm to the patient. 
Conclusions
The OI and VI showed association with the time on IMV in infants and maybe considered possible predictors of long-term IMV. It may be important to assess the conditions of the patient who undergoes intu-bation at the onset of the process, to adjust the ventilation parameters correctly according to the evolution of the patient, as well as to establish changes in therapeutic approaches when needed, reducing the risk of injury induced by MV, oxygen toxicity, and mortality. The p-value [mean to ≤7days ± standard deviation; median (green line) and mean to > 7 days ± standard deviation; median (red line)] was shown in sequence to oxygenation index. Day 1 (141 patients): p-value = 0.331 (8.92 ± 9.05; 5.63 and 8.7 ± 6.68; 7.07). Day 2 (141 patients): p-value < 0.001 (6.28 ± 6.01; 4.15 and 9.1 ± 6.38; 7.05). Day 3 (134 patients): p-value = 0.001 (4.96 ± 4.09; 3.45 and 7.95 ± 5.67; 6.08). Day 4 (114 patients): p-value = 0.001 (4.85 ± 3.37; 3.47 and 7.24 ± 4.96; 5.89). Day 5 (102 patients): p-value = 0.011 (6.25 ± 6.08; 3.62 and 7.87 ± 5.22; 6.33). Day 6 (96 patients): p-value = 0.01 (4.68 ± 2.6; 3.62 and 7.77 ± 6.15; 6). Day 7 (83 patients): p-value = 0.117 (3.98 ± 1.83; 4.19 and 7.25 ± 5.76; 5.38). Differences were found in oxygenation index from the second to the sixth day, the values were higher in the long-term IMV. Also, we compared the evolution of oxygenation index among IMV days according to ≤ short time (p-value = 0.033) and long time (p-value < 0.001). (B) Ventilatory index in the first seven days of IMV. The p-value [mean to ≤7days ± standard deviation; median (green line) and mean to >7 days ± standard deviation; median (red line)] was shown in sequence to the oxygenation index. Day 1 (140 patients): p-value = 0.009 ( ; 22) . Differences were found in ventilation index from the first to the seventh day, the values were higher in the long-term IMV. Also, we compared the evolution of ventilation index among IMV days according to ≤ short time (p-value < 0.001) and long time (p-value < 0.001). We adopted the alpha = 0.05 for all statistical tests performed. Data were analyzed by the Mann---Whitney U test and Friedman's test Two-Way Analysis of Variance test.
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